The modern evaluation and analysis techniques for the horizontal deformation of concrete structures such as barrages depend on a geodetic network, with control points, required to carry out the adjustment for the networks according to the adjustment techniques "Least Squares method". The study included measurement of fourteen point in the downstream side, depending on the global satellite navigation system and using the Adjust program to calculate the amount of displacement resulting. A comparison done between the resulted deformations magnitude for the network points for 2014 epoch with respect to the General Directorate for Survey (GDS) at epoch 2005 the deformation or movement could be verified by applying the statistical techniques to analyze the movement. The analysis shows that the movement displacement systems stable and amount 3.5cm.
Introduction
All flood control structures like Dams, locks, levees and embankments are subjected to external loads that cause deformation and permanence of the structure itself, plus its foundations. Any indication of unusual behavior may threaten the safety of the structure. Careful monitoring of the loads on a structure and its response to them can be helpful in determining unusual behavior of that structure. In general, monitoring consists of both measurements and visual inspections. To help ensure the safe monitoring of a dam, it should be permanently equipped with proper instrumentation according to the goals of the observation, structure type and size, and site conditions [1] .
Deformation survey, for monitoring purposes, has been used in many disciplines for, various applications. Among typical examples is the application of the deformation, monitoring in geodesy to identify the crustal, deformation or tectonic movements at global or regional scale. The deformation survey is also regularly conducted to monitor the, behavior of engineering structures such as barrage, bridges, rail track and etc. The deformation monitoring survey requires acquisition of observation data obtained from more, than one campaign of field, measurements. The type of instruments used in data acquiring depends on the nature, of work and also, on logistical consideration. Normally, for a small network, the use of theodolite and total station seems good enough in measuring the required directions or, horizontal angles and distances [2] . The technique of total least square (TLS) as an alternative technique for the ordinary, leas square LS. In deformation analysis. The applied TLS in solving the similarity transformation, between two different coordinate systems (two epochs) was found to give better results than the one obtained by ordinary LS [3] . The Deformation monitoring system presented here is designed to provide adequate geodetic information of, the structure and surrounding area over a long period of time. However, a continual assessment done, to identify any shortcomings to the scheme and to improve the reliability, accuracy and survey methods used [4] . There are advantages and disadvantages of using a total station for dynamic deformation monitoring. The advantages include the high accuracy as quoted above, the automatic target recognition which provides precise target pointing and the possibility of measuring indoors and in urban canyons [5] . The disadvantages include the low sampling rate, problems with measurement in adverse weather conditions [6] , and the fact that a clear line of sight is needed between the total station and the prism. Total stations allow the measurement of many points on a surface being monitored within a short period of time.
Kut Barrage
Kut barrage is a a structure fitted with gates to regulate the water level in the pool behind in order to divert water through a canal for irrigation, power generation, and flow augmentation to another river. The construction is located on the Tigris river of Kut city in eastern, Iraq. It takes five years to construct the barrage between 1934 and 1939. The barrage height is 10.5m and a length of 516m at (32˚29ʹ 51, 45˚ 48ʹ 57ˮ) left and (32˚30ʹ00ˮ, 45˚49ʹ11ˮ) right, UTM projection, WGS84 ellipsoid, Figure ( 
Deformation Survey Techniques
The general procedures to monitor the deformation of a structure and its foundation involve measuring the spatial displacement of the selected object points (i.e., target points) from external control points that are fixed in position. Either terrestrial or satellites positioning methods are used to measure these geospatial displacements (∆x, ∆y, ∆z). The reference points are located in the structure, only relative deformation determined micrometer joint measurements are relative observations. Absolute deformation or displacement is possible if the control points are located outside the actual structure, in the foundation or surrounding terrain and beyond the area that may be affected by the dam or reservoir. Subsequent periodic observations are then made to be relevant to these absolute control points. Assessment of permanent deformations requires an absolute data [7] .In general, for concrete dams, it is ideal to place the control points in a rock foundation at a depth unaffected by the reservoir. These control points can be easily accessed to perform deformation surveys with simple measurement devises. Fixed control points located within the vicinity of the dam but outside the range of its impact are essential to determination of the deformation behavior of the structure. Thus, monitoring networks in the dam plane should be supplemented by and connected to triangulation networks and vertical control whenever possible. If only two control points were used in the network as fixed points, then the adjustment called (minimal constrained adjustment ), while when all the control points used in the adjustment, it's called (fully constrained adjustment) [8] .The general operating procedure for the monitoring system of structural deformations could be summarized in the flow chart in Figure ( 2). A project for specific measurement scheme and its operating procedures should be developed for the monitoring system [7] .
Fig. 2. Deformation survey data flow

Least Squares Adjustment
Least square is a powerful statistical technique that may be used for 'adjusting' or estimating the coordinates in survey control networks. The term adjustment is the one in popular usage but it does not have any proper statistical meaning. A better term is ' least squares estimation ' since nothing, especially observations, are actually adjusted. Rather, coordinates are estimated from the evidence provided by the observations. In practical survey network, it is usual to observe more than the strict minimum number of observations required to solve for the coordinates of the unknown points. The extra observations are' redundant ' and can be used to provide an ' independent check ' but all the observations can be incorporated into the solution of the network if the solution is by least squares [9] . The solution follows a systematic procedure; any system of observation may be represented in matrix from as:
Where: : Matrix of coefficients of the unknowns. : Matrix of unknowns, adjusted quantities. : Matrix of observation. : Matrix of residuals.
: Number of unknowns.
: Number of observation.
For a system of weighted observation:
Where W: is a diagonal matrix of weights.
The Precision Analysis
The matrix equation for calculating residuals after adjustment, whether the adjustment is weighted or not, is:
The standard deviation of unit weight for an unweight adjustment is:
The standard deviation of unit weight for a weighted adjustment is:
In Equations (5) and (6), is the number of degrees of freedom in an adjustment, which usually equals the number of observations minus the number of unknowns, or:
= −
Standard deviations of the individual adjusted quantities are:
matrix, in the i th row and in the i th column, this matrix is called "covariance matrix" and symbolized by
[10].
Horizontal Geodetic Control Network for Monitoring Purposes
The geodetic horizontal network of Kut barrage consists of four observation pillars distributed about upstream and downstream for the barrage and fourteen points located on the wall barrage with distance 33m as shown in Figure ( 3). The observation pillars are a concrete cylinder with a diameter of 45cm and a height of 130cm above the ground level as shown in Figure (4) . The top of the pillars are protected by a metallic cover. This cover extends down of the observation pillars to cover a concrete stage that is designed to be suitable to the force centering equipment of the field observations. A deformation analysis where done from measuring (3D) control point by GNSS (Global Navigation Satallite System) two points at the downstream as shown in Figure (5) . Static method GNSS surveying was applied on two points (P3, DGS) .These data will be compared with our results with analysis. Table  (1) shows results the observed GNSS two control point (pillars) that located at downstream direction after process GNSS data by online Positioning User Service (OPUS) from coordinate system UTM, datum WGS 84, zone 38 North (45E), Geoid EGM08. Table ( 2), shows the result, points related to horizontal geodetic network, which contains two control points, fourteen monitoring points. 
Analysis Adjustment Data
The least squares principle is widely applied to the adjustment of surveying measurements because it defines a consistent set of mathematical and statistical procedures for finding unknown coordinates using redundant observations. During the net adjustment data by software adjust. Monitoring software systems consist of two components, measurement collection and measurement analysis as shown in Figures  (6) and (7) . Tables (11) to (16) show the results analysis as follows: Number of control station =2 Number, of unknown, station =12 Number, of distance, observations =2 Number, of angle, observations =20 Number, of azimuth, observations =0 
Conclusion
The results show that the horizontal deformation value for mark points is less than (3.5cm) for the downstream, therefore our inference is that Kut barrage is stable hydraulic structure according to international standards. 
